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Design and Implementation of a Concept Map Assessment
System Using the Semantic Web Technologies
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Abstract

Over recent decades, concept mapping has been used as a valuable Learning and Teaching tool.
A number of studies have shown a positive impact on student learning. One of the disadvantages
of this technique has been that assessing them or providing feedback to students is time
consuming. We aim here to introduce ways of reducing the complexity of using concept map
Several types of scoring methods for the concept map based

techniques in online activities.
we describe the development of an automatic

assessment have been developed. In this paper,
assessment system that implements those techniques. We contribute a design that uses semantic
web technologies for both the management and the scoring of the concept maps.

» Keyword : 7Hd=(Concept Map), AIHEIH(Semantic Web), SHZ7HLearning Assessment),

g H4=sH(Concept Map Scoring)
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A= (concept map)E o1 FA| JHellr9] A4S =
Agslel T Fejo] afo® gk ot dhe]
7H1,ﬂ|:‘— TE(EE 7H1/i) Oﬂé/\%(o]—b}./] e /\]-O]O]] <]
Wk S, A2 BT N Aide] o9 o

Ase ¢

A e AE UrEhHE 2= #dddi4, 7, 10). 4
Ao 2 PR mEEL ofgZ Br|sk] dAEE A
A F22 P Adzed HA(link)E 94 &
TE e dAdE 9ugn. shve dE-Ra-id

(concept-link-concept) E&]Z(triple) 7HdEolA ojn
Age] 7124 GHR2A ofE AA| e Aldel gk ojn|
Il A1 3] A (proposition) & 3433}
ad 12 7HL§159] A1 Novake] &8 (7)ellA &7
NEx 4= Helth 1
Elgo g FEH AdyE F e
o5t A=, MIEr}t AFHeZ 74

;Q o]

F

.?—7\_3_ 71—

T2 1. AES =S| of
Fig. 1. Hierarchical concept map
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S8 489 WAL 28T B 2R Bkl 47 &
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Asle A HE 7] WA} EAS VEshe U= Alse &
F <lojel RDFS, OWL 5¢] 270} 2 2822 ¢ <o,
) Z2]3 RDF Hlolejel 2710le Agskar, ek, &t
£ 7% AYslE Sesame, Jena, SPARQL, SeRQL,
RDQL 5% #2 T8¢ #3 7|& 55 EgTH11).
RDF¢ RDFS+= QIEIY o] AE TS Aste] Ad=d
A2k, RDF$} RDFSE ofd 524 G HellA A]4)& +d38taL v
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RDF/RDFSE 2708k 719 7id =5 RDF/RDFS &
o2 Wighehe WS AR 47l e AR A
o theled afetar, 53elM e Asshe =
Alzgle] AA 9 AR Tledit Jela s e R
67olM & =] Adev §F A7 W= A g

v
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Noox

. 294 got

(4). o]9} & P 84 F P Fo] AlzEle shgo] 2Pt
Azt mAE ZIdEIA AR Alele] Atelid & 2 Bslaio]
7R, 2 (task) < SHRYOIA /EES o9 +4E A
£ AASHE W whegt o] 72 7 5 ATH8-10).
2 =rdie sl (8l s e Ve R AEs)
A ol 7FsA WM e 743 Asds fill-in-the-map,
construct-a-map *HOZ F-F3H}

Fill-in-the-map WH-& Aol I3 W ez A|F
w& 7id3 92 #7-(linking phrase) & £3sk= nlg] 2
A A EEE T, IR AdEelA] Wl 2 A
AM MNA=ESE SAske 7IHelt}h. Construct-a-map W
M= TSl TS ASHE 7] HdEe] 2
gk A 2]219] AlF flo] $BIES k= 7ot gt
ol¢} Z& F WHEE BT s mg] AelEo] A H= TN
d 2l2E(selected node listg} ¥5) & 94 &7 2=
E(selected link listz} F5)& AF WAY, A& 24 &
< 9tk o]9} Zo] S AFE HE F9E A% iEe
g Ade a9 2049 2ol 47K F_SL, F_NSL,
C SL, Z28]la C NSL £/=Z 7% 4 st

Task Constraints

Given List No List
Fill-inthe-map | Fill-inthe-map
B Eil nthe withaselected |with created
£ Filkinthe-map | @ linklist  |nodes/links
g (F_sL) (F_MNSL)
3 Construct-a-map | Construct-a-map
2 Construct-a-map|withaselected | with created
[ node/link list nodes/links
(C_sL) [C_NsL)

T2 2. XS T FOIE St AT T Helel 2R
Fig. 2. Classification of concept mapping tasks
for automatic scoring
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ol g WSS et 2ol A YHRE £/E 5 3
tH4, 8. A /HdEE Adske A WA PHS EE
o] 7 #4228 (component) 55 71E0E Hrlehe ol
o}, o] WL =] 9 249) ==, Al (proposition),
A%< @A (hierarchy level), THA dlA] Fo] A 7
Tofl Yepbes B8 Fslo] 7kt 4, 7). F HA PHS
715 7% (criterion map) & ©]83l4 A< 7 d=s} |
wale] Hrleks Wgelth . o] WA 7IE idEs it
e W AEvbl osid AAE B dee T EE
Alelell AAE=(matched) ==9F A (proposition) 2] 4=
ZH3, 4, 5, 8) = T /NdE Aleldl] 12 fAlE S4k
(graphical similarity measure)dl(2, 3, 6) 23l Axke
ok Al WA HE 99 T 7] EE A Adel]
Hrkske Aolth4, 8, 9, 10). o] W g dl= wAbel <
1 P8, BA)E]

4 =

2 st 4 84 71w 4 Agste] kst
< ZloltH4, 8).
3 71F A& T 70 AlAH

s A4 Fojol AAE 712 A v v A%
ot} 7]E At F& 17 204 BRI selected list7}
AAEE construct-a-map(C_SL) 2 S thte=
Aghd el A o] BAE =YsITHS, 5).

B 1: JR/3 Az 2t ol Chejod OlR3te e
2lrEg T8

Epf 2: F TS0 BEOR EAfHe 2 ool et of
FAEE 7P| 6101, TS DS i=slof

At
Sl 2-2: OIR FAE=(TEfEe] §a )/ (BEfEel #4 +)
At

T 3 e RANE EEg2 oAl 20 78 2F 20| 02
TFAIES| HHE Aktsiod Tt

02| 3. T2 RAIE St Ak L2iE
Fig. 3. Algorithm for calculating the graphical
similarity measure



102 Eﬁ;.ﬂ ﬁl—j ]:Eéﬁ‘!—‘ = uH'H)LwL (2009 6)

As I E 7E Mdzol vet 9l
EAsk= A5 AMshs A
A (propositional matching) 23}, (2)dlA Alekd F
M= *]-019] a9 A= 2% %k(graphical similarity
measure) & TR WAE ARSI (2)04] A|gkE 1
B e SRS Foke gaEEse 1 33 2o,
2 gk& 03 141el9 L I o] 19l 7Pk
WY Jd s} 71 E EEe FRA 02 ul$- fAlsltkn
Brve ¢ glom, B R 0ol 7P T EE A o
A3k etta 7k 4= 9l
(5)ellAe C-TOOLSERe Hd% #H7t =75 712si
t}. o] =A%+ selected node list7} AIX =& C SL 2+
s, 7‘4“7}011 <Jsj ?«%—El 2ol 1 & o] &3t

(3)ellM+= C SL 2K
& A7} el Ao

A

sl @ e A e B e
LA 9ISl BoE Py Age] Bobse,
RS Al 5 84S AAste] Al AR 4

of Al # Zho] 2 mgt

= %7 }waaw ME

£ A He ek ol
g3t Al dor= RDF/RDFSE]w A2 HEE X
Aol EF dol7h AAIHel)

have
Ctoton
EIHEEHM ECIE EFHE W

rdftvpe

rdfs:Class

rdfs:dumain,—l rdfe:range

have
I_I

(b)RDF/RDFS HEHZ B¢

Molecules

ZE ECE EH

02| 4. 7HE=E RDF/RDFS &elz Hiskst of
Fig. 4. An example of transformation of triple in
concept map into RDF/RDFS form

RDF/RDFSellA HAHE= Fol-40] E_;Gq
(subject-predicate-object) dEj2] E2|Z (tuple)#/]
o= AT RDFO EglE F3olA woe
4 Ee BAolge] S Bk Z0R olEd &
H, 580l 54 e 9n|gitt. RDFY _Eﬂr E?ﬂ;
oA BAE Fdske d-"and ERE

Mazel Ex)Z Fdd| 3k /de 74 =rjle] 83t
g onjsleg, T4 RDF/RDFS &

Hold Fei2z A ¢ o ol 7 Alele] = 2

gl Alole] IAIE UellE 5402 Wgke 4= 9lt) o]9} 2
o], ¢ /MNd% F3S RDF/RDFS EBlZ %3 2 W

% S, 29 4 s @ e EE

Es & RDF/RDFS FHlZ
Hgkehs ol Helrk

IV. Al2E HA 74

2 Rl A 4 716 A8l RS W7t
ste whlel 48 5H S 439, B A o4 28
Azslew Sae) Sl Bag 7o 715e Addshe =
ZEER] AsEg e AR A2Ee A DB
& 7% % sk, AH8A9 Hee] /s B A

| Concept Map Assessment Service Layer |

Automatic Concept Map
Scoring Framework

Concept Map [«
Base Manager

! !

| Sesame Repository API |

Repository

T2 5. Z2EER] AlAHIo| FA| 7
Fig. B. Structural overview of prototype system

Concept Map Base
(RDF/RDFS)

18 5= FEE TREER] Alxde] Ax TALS Hol
t}. Sesamet RDEF/RDFES A He] 4 4 A& 9|sl0]
A E B AZEYOZ AF HE B (13), RDF
dlojele] ouE FdsK= RDFS & HHE o183 2
715 A 9a}, Sesame= RQL, SeRQL, SPARQL ¥
& oy /2 RDF dejol& gk de] A Azl o
2] geje] RDF/RDFS 3t 32 A Y3dl= pA et 22H
2715 ¥gsh= RDF 1/0 E5< w78t gt} & =29
Alz'lo|E RDF/RDFS ez Wk /de dlofeful
o|~F FH3la, AFARKE RDF/RDFS HlolHE ¢
v A3 ko] Sesame 28 AHEITE JEE Ho]
U4 (concept map base manager)E A= L2 9
1, ARAE AAste, 278k, Adshe 7% $3g
o A Md® He Fo Zed9 A (automatic concept
map scoring framework)E ZZEEIR] A]Ado] a4 1
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R U A 7Isste A A5 T & 9¢ o8] API
e TEY 29 oA AEE Bk A A
(concept map assessment service layer)< 7id= H7}
2 98 W9 Zeagow T8N,

A== Eclipse SDK 3.2.25 AME3le] Java dol&
olgale] PN, ABE A5l Java 5 ol el Aa &
Zdo] Basitt,

V. A3 EE H £of Z ez

a4 wEel A

gl B3t

o] Aol 7t T2 EE Al2E9]
%7}]3 xﬂ% ‘:'O:] _Lgﬂ ]o_]a_/] ?—6:] m /\]
AgHS 71&g)

1.l 5%
Aehs A NIE A5 F
© U 2
* RDF/RDFS ﬂéﬂ%i
o] A|AE1S- 7H

e NEECEL S

A
T T ARS HA% S ALAT

< AFE3E 7hed A Fol MHEs 7HHE%¥D}

s WAPE e o] A A Wt TleE AN G
A=E F7h 249 7heA] Foi7t 7}4} &3 A=
A e ATt

» 1 AellA 83

NIEE A bate &8 A= s
A dske i A API 35 At

NG wo|2E Pk ofn] H4E 913 SeRQL A
o]¢] g Yale] 9F 220l Sesame 2 $AL o]
&3te] it

2. ¥ Fof gy

M= BHE A et 44 ol o] w3 ob
T

oA D SIrkd, 8], 2ol ols) e ke 12 2
=5 wppe sAlel AT, A melel 44, mh-d%
e, e ) A4lsl 35 5o o] e,
W9 3% Bl AR BohE flste] Ao 4
£ 5 9t 9T WS AT £ 9o web aApt
FASPA B} A A 5 AmS st Alo] Basl)

4r

LLMO‘NA&,

o5 Q& ¥ =R E 7]&d AT MEE He
WS ZARRR], T 2604 AT 7
Froll whzt 1}%35]' Vet Ae Fof WS AAsia,
TE39 A7) A Sele ATt S wAl ©
3l 3}”51* 7]—r N3 =(criterion map) 7} AFE3}F HI1E ¢
3 dasitte A& IR F Aok

®1le4 7H«] 219 Gejof] tisle] £ =R T
F Fo] g A)et). £ 1994 exact matching W4

1—ﬂ
ox
N o
fins
o ﬁ

rlo ey

A AR} 71 AEE Aloldl] =9 g2 2
vt AEsHA tieEls 71 Blashs Wielth & o] WY
A<l H7t Aee T EE Aleld HEaHA tl-g=o] 4
25e 8459 F(count) 2 F2|gitt

E 1. T Aol RBSls B4 Rof ey 29
Table 1. Summary of scoring methods provided in our system

Task Type Scoring Method Type of Score
Fill-in-the-map ) .
(F SL. F NSD) Exact matching Count, Weighted count

- Measuring structural Structural Similarity

similarity
- Exact node matching

Construct-a-map Count, Weighted count

(CSL, CNsL) - Exact propositional Count, Weighted count
matching Congruence
Salience

3 19141 weighted count= 715 9] ZF 8450l 7153
e Fofsld deEE 8AEY & AN Aot &
’%‘ Ma=st 7]1" MA= Alele] +#2 {FAM (structural
similarity)& (2)llA Alete 11, A+ (6)A = H7=
fJste] ZIAL H“”i 9= H P 9A} AR} ubA
Abgste] AT 41 (8)3) (10)9 AHER 24
(congruence) 9} 3 &% (salience) & construct-a-map W< ¢
o 7 AeE 48 £ RS 3T A== VT EE
o] BE wallol] tigt fraEgt g /dE WAl HlEE ofn|s)
W, Fgee A EEe] A HAE SellA] FES HA
Hl&=2 FoHh(8, 10).

H'i ﬂllo

N

ﬁ

3 APl 22i& A 2 73
B =R AR Bk ekl E 20 EA

el JAVA APl Zel2g AA 2 7asis

1€ Al

2. 7HL AAEIM MSsks APl B 29
Table 2. Summary of scoring APl provided in our system

Class Method Method Description

cal_Score() Calculate a matching score
Calculate a weighted matching
cal Wscore()
F Score score

get Score() Get the matching score
get Wscore() Get the weighted matching score
cal Mscore() Calculate several matching scores

Calculate several weighted

cal Wmscore() )
matching scores

get nmScore() Get a node matching score

Get a propositional matching
score

C Matchi

get pmScore()
ngScore

Get a weighted propositional

get WpmScore() .
matching score

get congruence()  |Get the congruence

get salience() Get the Salience

C Similar |cal SimScore() Calculate a structural similarity

ity get sScore() Get the structural similarity
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3 294 F_Score Fl2~= F SLI F NSL 212 93
A4 ALrE 918k AMEETE C MatchingScore Zefj~E
C SL¥ C NSL 2Kiell tha}e] exact matching ¥HS &
glo] HEE ARl vlass 3Rt C Similarity 29
2 2L 72 fARE whe 3] Slete] ARgET & 2
o] WAt o]FellA HFA cal’ 2 17l 28] Aol wet 3
g Sz oA GolEe Ag ARt HHE A88le] Bt
HFE ARKE Erolth. HFA get’ 02 AIREE wAE
© ¥z A 97t s QoA ARl Wigkske
Feroltt. ]9} to] A4 Ho] APIE2 /A7) 47 olslist
of o] 83 F JYEE TS QlEmolx S ATt

public void cal Score() {

Sesame APl & ol83t0f 7HAT DB} 32 A,

SeRQL Zeo| 35 &30 7EINAT2FE selected list Hi
FE(Q40 F, £t E= o 27 FE F5);

JHET DBoIM FEE HEE Java EIAE B tslistol| XN
& (Sesame TupleQueryResult Z2i22| hasNext()2t getValue()
HaE olg):

2 oz sl JAT2E] selected list M2 F£510, sslistol|

Mz

tslist2t sslistl| MEE HEE X122 H|wsio] Lxsh= KAt count:

ARE F 24S T i scoreol| M

}

public class F Score {
static private int numofelement; // selected liste] 24 &=
static private double score; // JHAT &= 3t A&
static private double wscore; // 7/&%2 D2fst 7HET
/] Brgk xE
static private ArrayList(String) sslist; //3M4 7HdzofA
// &% selected list %k A2
static private ArrayList(String) tslist; //7 & 7Hg=0lM
// &% selected list %t &&
static private ArrayList{Double) wflist; //2|AE Z¢
/] 220 F¥EX| gk *E
// E 22| 25 AP g (ofis)
public void cal_Score()
public void cal WScore()
public double get Score()
public double get WScore()
// BeA U g(oes)
private void get InitValue() // s 7idE ¥ 7|1

// FHEAEoM F AME 29It ZTIRte F35104,

// S (numofelement, sslist, tslist Soll M&st=
// Hes==2, cal Score(), cal WScore() g0l S5
private void get WiList() // 7z &&20lA 7|87<|
/] %S F5510{ wilist L B0l MESH= L o

}

2! 6. F Score 2z Ho|

Fig. 6. Definition of F Score class

F 2014 BAE FYAELS Java 2ol9t RDF/RDFS
Aol A0JQl SeRQLY} Sesame API 52 o] &slo]
et 29 62 FE 29 F 2 FolA F Score 29

oot FHE (i) 5] 21kt AYs Bl a¥
69 HWA= FolM exact matching FAFE Akt

cal Score() WlAze] & WS a7 7oA Avfgict
¥ 29 & FYAEE F Score FH~9 SAkeH A

= AE A Sld dad dolEE Agehe Nesst §
AR OB Y- BB & 204 Aol dReER 7

dHER AAHR TEHAY

T2! 7. Exact matching = AlAt 7161 2
Fig. 7. Method for calculating the exact matching score

4, A AEL Al EIt

B =RolA TEd Z2EES] Al2FY] mS dAeA
24 7154 (feasibility) 2 4373 (correctness) & H7F17]
S8l AE ZRaAe s At WS A fA
g 3gellMe] 71 sl =2 ()oK AR Zsist Al
g 3 22ln d e AEES ol 83l ke st

Alg Z2 a2 a8 59 /d = Hrh AH| 2 AlZ(concept
map assessment service layer)oll FAFI e, /g Al
2ol A= Al A7 B s T s A & ol
2 AZ dze Pl AZEY 0= AT Protegedths &
E2]7] 4 RDF Uy =78 AR83ie] AAaIsitH12).

B3 Wiz
Table 3. Evaluation results

F SL,
Task type F NSL C SL, CNSL

Exact Exact |Congruence,| Structural
p.SEa=] [=13=3] ,
R Ol matching |matching| Salience Similarity
Al 25 5 5 5 5
=z 100 % | 100 % 100 % 100 %

Alg ZzaAe ¥ 29 F Score, C MatchingScore,
C Similarity e~ ¥92 dx g Z}zto] e g3dle
Al ZR2 a3 F35le] HrF AlA"e] 0 F ofF g}
& AF3Itt & 3ellx 9} 2o] =7 (6)A] AlAle
A A 71 A EE o] &ato] AT AlzsloA AlE
= T 245 FAH o] AFe 2R 100% BE
5 A& F AU oF Bl F-AE Alxglo] oF ¢

B3kaA) izl

ml

o] 43 M= H7hE 598 5 9es 89 @
F 99, FF 4B AYE Bk Aselow @k A
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